The purple color of the ripe Eugenia jambolana fruit is attributed to anthocyanins, a class of plant pigments that has attracted immense attention due to the potential health benefits of these compounds. There is disagreement in the literature on whether E. jambolana fruit anthocyanins are found as 3,5-or 3-diglucosides. Therefore, we used a combination of HPLC-UV, tandem LC-MS, and NMR techniques to identify the structures of anthocyanins present in E. jambolana fruit collected in the USA and India. Our results indicate that the anthocyanins from both locations occur as 3,5-, but not 3-diglucosides, of delphinidin, cyanidin, petunidin, peonidin, and malvidin. This is the first report to use a combination of spectrometric and spectroscopic methods to identify unequivocally the structures of E. jambolana fruit anthocyanins.
The edible fruits of Eugenia jambolana Lam. (syn Syzygium cumini Skeels), known as Jamun in India, turn intensely purple when ripe, and are widely used in traditional Indian medicine for a variety of purposes [1] . The purple coloration of the ripe Jamun berry is due to water-soluble anthocyanins, a class of secondary metabolites that has attracted much attention due to the potential health benefits of these compounds. Generally, the aglycons of anthocyanins, known as anthocyanidins, are substituted at the 3-and/or 3,5-positions although other uncommon substitutions such as at 3,7-and 4' positions have been observed [2] .
Using a combination of paper chromatography and hydrolysis methods, Jain and Seshadri [3] reported that the major anthocyanins of the Jamun fruit are 3-diglycosides of delphinidin, petunidin, and malvidin, specifically, delphinidin-3-gentiobioside, petunidin-3-gentiobioside, and malvidin-3laminaribioside. However, recent research using LC-MS/MS methods, reported that E. jambolana fruit contained the 3,5-diglucosides of delphinidin, petunidin, and malvidin aglycons [4] . Unfortunately, without authentic standards, LC-MS methods are not sufficient to identify exact structures. Therefore, compound isolation, and subsequent structural elucidation, using NMR spectroscopic and other methods, was necessary.
Given the current disagreement in the literature about the structure of the anthocyanins of E. jambolana fruit [3, 4] , and the potential pharmacological effects of these compounds [1] , we initiated the current study. Our objective was to use a combination of spectroscopic and spectrometric methods to unequivocally identify the anthocyanins found in Jamun fruit. Because there may be differences in anthocyanin profile of fruits from varying geographical locations, the current study examined fruits collected in both India and the United States.
The HPLC-UV chromatogram of anthocyaninenriched extracts obtained from fruits collected in both locations, revealed a similar profile of five anthocyanins. Three major and two minor anthocyanin peaks were detected. Further LC-MS and LC-MS/MS analyses revealed that these compounds were dihexosides of delphinidin (t R 22.3 mins; m/z M + 627; 465/303; peak 1), cyanidin (t R 25.7 mins; m/z M + 611; 449/287; peak 2), petunidin (t R 27.3 mins; m/z M + 641; 479/317; peak 3), peonidin (t R 30.9 mins; m/z M + 625; 463/301; peak 4), and malvidin (t R 32.2 mins; m/z M + 655; 493/331; peak 5). The mass spectrometric data for these anthocyanidin-hexosides were in agreement with those in the literature [2b].
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Subsequent HPLC-UV analyses using commercial anthocyanin standards of the 3,5-diglucosides of cyanidin, peonidin, and malvidin showed exact matches in t R with peaks 2, 4 and 5, respectively. Based on the possibility of biosynthetic/biogenetic precedence for the occurrence of anthocyanins as 3,5diglucosides in E. jambolana, we suspected that peaks/compounds 1 and 3 were the 3,5-diglucosides of delphinidin and petunidin, respectively. However, in the absence of authentic commercial standards for these two anthocyanins, these compounds were isolated from Jamun berries. The 1 H NMR spectroscopic data for these two isolates corresponded to published data for the 3,5-β-Ddiglucosides of delphinidin and petunidin, respectively, confirming their identities (Table 1) [5] .
This communication is the first to use a combination of spectrometric and spectroscopic data to identify unequivocally the anthocyanins present in Jamun fruit. While there may be differences in anthocyanin profiles of fruit collected from different geographical locations, our studies on fruit collected in the USA and India showed that they contain a similar anthocyanin profile, consisting of two glucosyl units individually attached to the 3 and 5 positions of the anthocyanidin units. This is in agreement with anthocyanins identified in E. jambolana fruit collected in Brazil [4] . However, for a comprehensive chemotaxonomic study, further analyses of E. jambolana fruit collected from other geographical locations would be necessary.
Experimental
Reagents: All solvents were either Analar or HPLC grade and purchased from Wilkem Scientific Co. (Pawtucket, RI) . The XAD-16 resin (Amberlite) was purchased from Sigma-Aldrich (Saint Louis, MO).
Fruit: Freeze-dried E. jambolana fruit powder, obtained from fruit collected in Gujarat, India was provided by Verdure Sciences (Noblesville, IN) . Fruit authentication was conducted by comparison of macroscopical and microscopical characteristics with internal monographs and botanical reference standards at Verdure Sciences. Fresh E. jambolana berries were also obtained from River's End Nursery (Los Fresnos, Texas). Voucher specimens were authenticated and deposited in the Heber Youngken Medicinal Garden & Greenhouse, College of Pharmacy, University of Rhode Island (Kingston, RI).
Anthocyanin standards: Standards for cyanidin-3,5diglucoside, peonidin-3,5-diglucoside and malvidin-3,5-diglucoside were purchased from Chromadex Inc. (Irvine, CA).
Extraction and isolation:
Freeze-dried E. jambolana fruit powder (260 g) was sequentially extracted with cold hexanes (3 x 0.5L), followed by ethyl acetate (3 x 0.5L), and acidified methanol (0.1% hydrochloric acid; 2L). The marc from the methanol extract (100.0 g) was reconstituted in acidic methanol (0.1% hydrochloric acid) and further purified on a column of XAD-16 Amberlite resin. Briefly, the XAD-16 column was eluted with water (5L) followed by acidic methanol (3L) to afford a red-purple anthocyanin extract (16.0 g) after solvent removal in vacuo. Evaluation of this extract by analytical HPLC-UV (described below) revealed five anthocyanin constituents. Due to the unavailability of authentic commercial standards of delphinidin and petunidin-3,5-diglucosides, we isolated these compounds as follows. The enriched anthocyanin extract (16.0 g) was purified on a C18 column (4 x 37 cm) by medium pressure liquid chromatography, eluting with a gradient system of aqueous acidified methanol, starting with 10% acidified methanol. The fraction eluted in the 35% acidified methanol was Conditions for detection of anthocyanins were as follows: Column: XBridge C18, 100 mm x 4.5 i.d., 5 μm, (Waters Corp., Milford, MA); Solvent A: 1% aqueous formic acid; solvent B:1% formic acid in methanol ; Gradient % A: initial: 95%, 5 min: 95%, 15 min: 90%, 60 min: 80%, 65 min: 80%, 67 min: 95%, 80 min: 95%; run time: 80 min; flow rate: 0.15 mL/min; injection volume: 20 μL; column temperature: 30 0 C; DAD range: 210-600 nm, 530 as detection wavelength for anthocyanins. MS parameters: Ionization mode ESI+; scan range: 400-1000 amu; scan rate: 1 scan/sec. Peak identities were obtained by matching their molecular M + and MS/MS ions with literature data [2a] . 1 H NMR: Data were collected on a Bruker 400 MHz Biospin instrument using CD 3 OD/DCl as solvent.
Compound 1 (Delphinidin-3,5-diglucoside) 1 H NMR (400 MHz, CD 3 OD/DCl): Table 1 .
Compound 3 (Petunidin-3,5-diglucoside) 1 H NMR (400 MHz, CD 3 OD/DCl): Table 1. 
